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Abstract 
Slots and channels are sometimes necessary in machine building; the surfaces of the slots and channels could be obtained by means 
of a laser beam machining equipment. Essentially, the material removal from the workpiece needs the development of thermal 
phenomena of melting and vaporizing and of dynamic phenomena, respectively, by which the melted and vaporized material is 
moved from the machining zone. The paper includes the results of the researches concerning the possibilities to use 1070 nm 
wavelength laser equipment whose output power is of 300 W, in order to obtain slots and channels in metallic test pieces. The sizes 
of the parameters able to characterize the machined surface are influenced by the machining conditions. The theoretical analysis of 
the machining process highlighted the necessity of sending a compressed air jet along the laser beam axis and of an adequate 
selection of the machining parameters. Experimental researches were developed by changing the speed of the relative motion 
between the laser spot and the test piece. Empirical relations were established by mathematical processing of the experimental 
results. The empirical relations highlight the influence exerted by speed between the test piece and the laser beam on the depth of 
the channels thus generated. 
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1. Introduction 
In machine building, slots and channels are necessary, 
for example, in order to transfer inscriptions on the 
workpieces, to generate spaces for the liquid fluid 
circulation or for assembling a certain part with other 
parts, to develop a cutting process etc. Slots and 
channels could be obtained both by classical machining 
methods (sawing, milling, planning) and by applying the 
so-called non-conventional machining processes. Laser 
beam machining is one of the nonconventional 
machining processes; it is based on the chemical and 
physical effects generated at the contact of the 
workpiece surface layer with a laser beam that has 
adequate energetic and spatial - temporal characteristics 
and is directed and focused or defocused by means of the 
optical lens and mirrors system. 
There are various processing methods that use the 
effects exerted by the laser beam on the workpiece 
material. Thus, if the material removal from the 
workpiece is considered, there are processing methods 
involving the material removal (subtractive methods: 
cutting, drilling, milling, grooving etc.), processing 
methods that add material to the workpiece (welding, 
deposition, surface alloying) and processing methods 
that do not generate significant quantitative changes of 
the workpiece mass (thermal treatments, plastic 
deformation, photoengraving etc.). One of the largely 
applied machining methods characterized by the material 
removal from the workpiece was the laser cutting.  
Along the last decades, many researchers directed their 
preoccupations to a better understanding and optimizing 
various techniques of laser cutting. One must mention 
that sometimes, principles similar to the laser cutting are 
valid also in the case of laser depth grooving.  
Thus, in a paper [6] concerning the state of the art of 
the laser beam machining (2004), J. Meijer highlighted 
the possibilities of using laser for cutting of thin ceramic 
substrates, of knife blades for eye surgery, of silicon thin 
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wafers.  Four years later (2008), in a review concerning 
the laser beam machining, Dubey and Yadava [1] 
concluded that the laser beam machining is a powerful 
machining method for cutting complex profiles; they 
highlighted that the main disadvantages of such a 
process are the low energy efficiency, if the production 
rate is analyzed and the converging - diverging shape of 
the beam profile, able to affect the quality and the 
accuracy of the obtained surface. In their opinion, the 
laser beam machining performance is influenced by the 
laser parameters, materials parameters and process 
parameters.  Dubey and Yadava showed also that the top 
kerf width is higher than the bottom kerf width [2].  
The possibility of obtaining laser spots of very low 
diameters led to the applying of laser beam cutting in the 
field of micro manufacturing processes. Kovalenko et al. 
[5] investigated the laser cutting of tubular workpieces 
necessary in medical stents manufacturing. They 
appreciated that the use of Q-switched YAG laser 
equipment could be considered as an adequate technique 
from the points of view of reliability and universality.  
Extended scientific investigations concerning the 
laser beam cutting of steels and aluminum were 
developed by C. Wandera at the Lapperanta University 
of Technology (Finland). Thus, a first study [11] was 
focused on the laser cutting of austenitic stainless steel. 
She concluded that certain defects observed in the case 
of thick sheets could be avoided by an adequate 
selection of the process parameters, especially of the 
focus position, cutting speed and gas pressure. In his 
doctoral thesis [12], Wandera referred to the use of high 
power fiber laser equipment for cutting thick-section 
steel and medium-section aluminum; she proposed some 
theoretical models concerning the laser power 
requirement and the material removal as a consequence 
of the melting phenomenon. Experimental researches 
were also developed in order to compare the results 
obtained by theoretical and experimental way; one of the 
investigation conclusions shows that the required laser 
power for cutting of 10 mm stainless steel and 15 mm 
mild steel in specified cutting conditions is lower than 
the power necessary in the case of using a CO2 laser.     
Radovanovic and Madic achieved a quality analysis 
in the case of using CO2 lasers [8]; they noticed that the 
most employed process parameters considered when 
studying the cut quality characteristics are the laser 
power, cutting speed and gas pressure. 
The quality of the kerf and the possibilities to 
improve the quality of the surfaces obtained by laser 
beam cutting was a continue preoccupation of the 
researchers involved in the investigation of the 
technological possibilities corresponding to the laser 
beam cutting equipment. Thus, Kaebernick et al. [4] 
applied a spectrum analysis technique of the cut surface 
striations and used the results within a process 
monitoring system able to detect the light emissions 
from the cut front. Duflou et al. [3] proposed the use of a 
real time monitoring and adaptive control system based 
on optical sensors and adequate expert system for laser 
beam cutting. Poprawe and König [7] considered a 
dynamic model of the laser beam cutting by which one 
can predict a modulation frequency for the laser power 
so that the adherent dross could be completely avoided 
in the case of contour cutting. 
Nowadays, a category of laser beam machining 
equipment whose industrial application is in an obvious 
extension are the fiber laser equipments; their use for 
cutting various materials needs a better understanding of 
cutting mechanism and of the ways of determining the 
optimal machining conditions. 
Usually, the use of laser beam machining equipment 
in order to materialize a machining technique involving 
material removal from workpiece needs a preliminary 
research in order to establish the most convenient values 
for operating parameters; a requirement valid in this case 
is to minimize the duration of the preliminary research. 
The paper proposes a version of developing the 
preliminary research in which values of the operating 
conditions could be established in case of obtaining slots 
and channels by means of 1070 nm wavelength fiber 
laser equipment. 
2. Theoretical Considerations 
In order to obtain a laser beam, a so-called active 
medium is necessary. Nowadays, one of widely 
promoted laser sources are based on the use of pump 
diodes  in association with fiber laser; such laser sources 
are characterized by some service advantages (low 
cooling requirements, high output powers, cables with 
various lengths, simple maintenance, low acquisition 
cost, high diode life [9] etc.). In the case of fiber laser, 
the laser beam is obtained by means of an optical fiber 
 
Fig. 1. Thermal phenomena developed as a consequence of the laser 
beam action with the workpiece material when there is not a relative 
motion between the laser beam and the workpiece 
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doped with rare-earth elements (ytterbium, erbium, 
neodymium etc.). A laser head including optical lens is 
used to focus and to send the laser beam to the 
workpiece to be machined. 
As a result of the laser beam action on the surface 
layer of the workpiece and photons penetration in this 
layer, a transformation of the photons kinetic energy in 
thermal energy develops in a very short time; the rapid 
heating of the small volumes of the workpiece material 
is accompanied by melting and vaporizing phenomena.  
If for certain machining processes only the effects 
generated at the contact of the laser beam with the 
workpiece are sufficient, in other cases the association of 
the laser effects with other phenomena or processes is 
compulsory. Thus, if in the case of cutting slots and 
channels in metallic workpieces only the effects 
generated by the laser beam are used, a low machining 
precision and a high roughness of the machined surfaces 
should be obtained. Under the action of the laser beam, 
the workpiece metallic material could be melted and 
even vaporized (fig. 1), but its maintaining in the work 
zone could create a real obstacle in subsequent 
penetration of the laser beam along the workpiece depth. 
If the laser beam energy is high enough to generate 
melting and vaporizing effects, the metallic vapors could 
lead to a micro explosion effect, which would 
chaotically throw the melted and vaporized material; as a 
consequence, the cavity resulted should have a non 
convenient shape.  
In order to avoid or to diminish the abovementioned 
negative effects, along the laser beam axis a compressed 
gas jet is sent.  
Figure 1 highlights the effects generated by the laser 
beam at the contact with the workpiece material. If one 
supposes that the power distribution in the laser spot 
corresponds istinct 
zones could be highlighted in the workpiece material. 
Thus, in the zone where the energy transferred to the 
workpiece layer is high enough, the workpiece material 
is vaporized in a very short time, determining an 
explosion effect. Round of the zone where material was 
vaporized, there is a zone where the transferred energy 
determines the melting of the workpiece material; under 
the action of the microexplosion determined by the 
material vaporizing, a part of the melted material which 
was not affected by an immediate re-solidifying could be 
ejected and a cavity is thus generated. There could be 
also situations when the transferred energy is not high 
enough and a proper zone where the material could be 
vaporized does not exist; in such a case, only the melting 
phenomenon could be signalized. Around a zone where 
the workpiece material was melted, there is the zone 
affected by thermal changes in solid states and at higher 
distances from the laser beam axis, zones where even 
thermal changes could not be highlighted. 
As above mentioned, in order to obtain slots and 
channels of acceptably accuracy and surface roughness, 
along the axis of the laser beam a jet of compressed air is 
sent (fig. 2); the diameter of the column corresponding 
to the compressed air jet is higher than the diameter of 
the laser beam. In this way, if the pressure of the 
compressed air jet is high enough, the material affected 
by vaporizing and the part of the melted material which 
was not immediately re-solidified could be ejected and 
the action of the laser beam could continues; new micro-
volumes of the workpiece material are melted/vaporized 
and ejected (fig. 3). If a relative motion exists between 
laser spot and workpiece, a slot or a channel is generated 
in the workpiece.  
The value of the speed corresponding to the relative 
motion between the workpiece and the laser beam exerts 
a significant influence on the cross section of the slot or 
on the depth h of the channel generated by the laser 
beam action (fig. 4). Thus, if the speed is low enough 
and the workpiece is thin, the workpiece could be 
completely penetrated and a channel is generated, but 
the value of the speed exerts influence on the dimensions 
of the cross section of the channel. For high enough 
speed values, the channel width in the inferior zone 
could be higher than the channel width in the superior 
 
 
 
Fig. 2. Channel generation as a result of the laser beam interaction 
with the workpiece material 
 
 
Fig. 3. Material removal by the compressed air jet 
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zone (where the laser beam penetrates in the workpiece 
material), due to an easier evacuation of the melted and 
vaporized material (fig. 4, d). If the speed is not too 
high, the width of the cross section through the channel 
is higher in the superior zone than the width in the 
inferior zone (fig. 4, b). 
If the speed of the relative motion between the laser 
beam and the workpiece is higher, the action of the laser 
beam has not sufficient time to completely penetrate the 
workpiece and a channel appears (fig. 4, a); usually, the 
cross section of the channel has an approximately 
triangular shape. 
The cross section of the channel or slot developed in 
the workpiece could be affected also by the laser beam 
angle of convergence; one practically noticed that this 
angle could have relatively high value and could 
significantly affect the shape accuracy of the channel or 
of the slot cross section.  
3. Experimental research 
In order to test the validity of the above mentioned 
statements concerning the possibilities to obtain slots 
and channels by means of the laser beam, some 
experiments were designed and achieved. 
In the structure of the laser beam machining 
equipment, a computer numerical controlled subsystem 
made by Isel Automation (Germany) is included; the 
equipment ensures controlled motions between the laser 
beam and the workpiece in a spatial coordinate system; 
the accuracy of path programming is of 0.01 mm. The 
laser source is based on the use of an ytterbium fibber 
laser YLR-300-AC (made by IPG Laser). A cutting heat 
YR 30 (made by Precitec  Germany) was used to obtain 
the laser beam having the characteristics necessary for 
the process of generating slots and channels. The 
maximum power of the laser source is of 300 W; a laser 
beam having a wavelength of 1070 nm could be 
generated by the laser source. 
A compressor was used to ensure the compressed air 
jet necessary to be sent along the laser beam axis; the 
pressure of the compressed air was of about 0.8 MPa. 
Some previous experiments [10] showed that the laser 
beam having such a wavelength is in a significant extend 
reflected by the surfaces of test pieces made of 
aluminum, brass, cooper; in accordance with the 
information included in the references, in the case of 
steel, for a wavelength of 1070 nm, the coefficient of 
laser beam absorption is of about 0.45. This means that a 
part of the laser beam energy is absorbed by the 
workpiece material and phenomena specific to the 
interaction between the laser beam and the solid material 
could develop.  
Taking into consideration such observations, within 
the experimental research, two types of test pieces were 
used: 1) a plate made of tool steel including 0.770 % 
carbon, 6.36 % tungsten, 4.65 % Mo, 3.68 % chromium, 
1.80 % vanadium, 0.264 % nickel, 0.224 % manganese, 
0.173 % copper, 0.0695 % silicon, 0.0614 phosphor, 
0.0306 % sulfur etc.; the thickness of the plate was of 3 
mm; this steel could be used in obtaining cutting discs 
used in wood industry; 2) a plate made of spring steel 
containing 0.165 % carbon, 1.12 % manganese, 0.153 % 
silicon, 0.0165 % sulfur, 0.0122 phosphor etc. 
In the case of the second material (spring steel), a test 
piece having distinct zones of distinct thicknesses was 
prepared (fig. 5), in order to observe if the test piece 
thickness could affect the results of the laser beam 
machining process. 
By means of the CNC subsystem, one programmed 
paths including segments along which the relative speed 
between the laser beam and the test piece was changed, 
so that the influence exerted by the relative speed is 
easier highlighted. 
Subsequently, some direct observations and 
measurements were made by means of a digital 
microscope. A scanning electron microscope type Vega 
II LMH was used in order to obtain clearer images of the 
machined surfaces. 
The distance between the nozzle and the test piece 
surface was of 1-5 mm. The output power of the laser 
beam equipment during the machining process 
 
 
 
Fig. 5. Test piece made of spring steel on which the laser beam was 
moved with distinct speed along the path segments 
 
 
Fig. 4. Cross section through the channel or to the slot generated 
by the action of the laser beam and compressed air jet  
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(highlighted on the equipment screen) was 150-200 W. 
 Both in the case of spring steel and the tool steel, the 
laser beam succeeded to perforate the test piece and to 
generate a slot only for low relative speeds (v=5 - 50 
mm/min). In the other situations, channels having 
various depths were achieved (fig.6). By mathematical 
processing of the experimental results concerning the 
depths of channels (table 1), power type empirical 
relations were determined in order to highlight the 
influence exerted by the relative speed v between the 
laser beam and the test piece surface on the depth of the 
channel.  
 
Table 1. Depths of channels obtained in test pieces made of tool 
steel and spring steel 
Tool 
steel 
v, 
mm/min 
250 450 650 850 1150 1450 
h, mm 0.82 0.59 0.48 0.41 0.21 0.16 
Spring 
steel 
v, 
mm/min 
200 250 300 350 400 450 
h, mm 1.39 1.03 0.95 0.82 0.77 0.67 
 
The software applied in order to establish the 
empirical models is based on the least square method 
and as a way to evaluate the adequacy of the model to 
 used. 
The empirical relations were the following: 
922.0561.158 vh  (1) (1) 
in the case of tool ste
criterion has the value SG=0.00681265, and  
837.0524.112 vh  (2) (1) 
in the case of spring steel, when the Gauss criterion has 
he value SG=0.001639386. 
The power type mathematical relations were 
preferred because in such a case, the absolute values of 
the exponents attached to the independent variable v 
offers a direct image concerning the intensity of the 
influence exerted by the relative speed v. Thus, one can 
notice that the exponent has a higher absolute value in 
the case of tool steel and this means that the influence 
exerted by the speed v on the depth h of the groove is 
higher in the case of tool steel, in comparison with the 
same influence in the case of the spring steel. 
A graphical representation of the influence exerted by 
the relative speed v on the depth h of the channels could 
be observed in figure 7. One can notice that the depth of 
the channel is lower in the case of the tool steel and this 
could be generated by the higher quantity of the alloying 
elements in the case of this steel. 
In the case of the low thickness zone of the test piece, 
the necessity of evacuating the same quantity of heat 
generated by action of laser beam led to an increase of 
the width of the zone affected by intense thermal effect 
(effect highlighted on developing of oxidation process 
and thus, changing the colour of the surface  fig. 8). 
When the test piece had a higher thick, the width of the 
zone affected by oxidation processes was clearly (fig. 9) 
lower than the width corresponding to a zone having a 
higher thickness (values of other parameters of laser 
beam machining being the same).    
 
   
 
Fig. 6. Aspects of the channels obtained in the case of test piece 
having zones with various thicknesses 
 
 
Fig. 7. Influence exerted by the speed on the depth of the channel 
generated by means of the laser beam  
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Some details concerning the aspects of the surfaces 
generated by the action of the laser beam and of the 
compressed air jet could be highlighted using images 
obtained by means of the scanning electron microscope; 
such an image is presented in figure 10. One can see that 
for the available work conditions, at the microscopic 
scale, the machined surface is not smooth; as result of 
the metallic material melting and flowing and under the 
action of the compressed air jet, the relief of the surface 
presents bumps and cavities along the direction of the 
metallic material flow. 
Slots were obtained only for low values of speed in 
the case of the both steels used as materials for test 
pieces (v=5-10 mm/min) and this could be explained by 
the low power of the laser equipment.  
In the case of the spring steel, the channel was 
obtained only for the thin zone of the test piece (for 
which the thickness was t = 1.5 mm). One have noticed 
also that for the low speed (v=50 mm/min), the zone 
affected by the heat generated during the machining 
process (zone highlighted by the change of the color 
around the channel) is larger where the test piece has a 
low thickness (t = 1.5 mm), being of about 4 mm, in 
comparison with the width of the heat affected zone 
where the test piece has a higher thickness (the zone 
with changed color has a width of about 1.0 mm); due to 
the fact that the test piece is thinner and the heat 
dissipation needed approximately the same metallic 
volume, the test piece reaches a higher temperature on a 
larger zone. 
4. Conclusions 
The laser beam machining is based on the effect 
generated at the contact of the laser beam having certain 
energetic, temporal and spatial characteristics with the 
workpiece material. However, the simple contact of the 
laser beam with the workpiece material does not ensure 
an acceptable surface from the point of view of the 
surface quality; in order to develop a controlled material 
removal from the workpiece, a jet of compressed air is 
sent in a direction coaxial with the laser beam. 
Thus, the material melted and vaporized by the laser 
beam is removed from the machining zone and slots or 
channels could be generated. If the density and the 
power of the laser beam are high enough, the laser beam 
and the compressed air jet succeed to perforate the test 
piece material and thus a slot is generated; if the above 
mentioned condition is not fulfilled, channels could 
appear. 
Some experimental researches were developed in the 
laboratory for nonconventional machining technologies 
 Romania, by using laser beam equipment able to 
generate a laser beam having a wavelength of 1070 nm 
and a maximum output power of 300 W.  
In order to diminish the duration of the experimental 
research and to obtain faster information about the 
technological possibilities of the fiber laser beam 
machining equipment, a test piece including zones with 
distinct thicknesses was proposed. Achieving motions 
with various speeds (by means of the computer 
numerical control subsystem of the fiber laser beam 
machining equipment), a direct highlighting of the zones 
were slots or channels were developed under the action 
of the laser beam was possible. One noticed that in the 
experimental research developed, only in the case of low 
work motion speeds (v=5-50 mm/min, test piece 
 
   
 
Fig. 8. Increase of the zone affected by oxidation process, in the case 
of the low thickness zone of the test piece 
 
 
      a       b  
Fig. 9. Increase of width of the surfaces affected by oxidation 
process, in the case of the zone of law thickness of the test piece 
      
a   b 
Fig. 10. Slot obtained in the test piece made of tool steel (v=5 
mm/min, test piece thickness t=2.5 mm) and channel obtained in the 
test piece made of spring steel (v=250 mm/min, test piece thickness 
h=1.5 mm); images obtained by means of the scanning electron 
microscope)  
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thickness of 1-2.5 mm), the laser beam (whose output 
power was of 150-200 W) succeeded to perforate the test 
piece and slots were obtained.  
By mathematical processing of the experimental 
results, power type empirical functions were established 
in order to highlight the influence exerted by the speed 
of the motion between the laser beam and the test piece 
on the depth of the channel. 
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